The reactions of [Pt 2 (µ-S) 2 (PPh 3 ) 4 ] with excess PbBr 2 or PbI 2 in methanolic suspension result in the formation of the neutral lead(II) halide adducts [Pt 2 (µ-S) 2 (PPh 3 ) 4 PbX 2 ] (X = Br, I). The X-ray structure determination of the lead iodide adduct reveals an essentially tetrahedral lead(II) centre, which is a rare coordination geometry for lead(II), which 2 almost invariably is hemidirected, with a stereochemically active lone pair. In contrast, the structure of the PbBr 2 adduct, although suffering from some disorder, shows a more typical, distorted arrangement of ligands; these results are discussed in terms of the tendency for soft, bulky ligands to promote symmetric, holodirected geometries. The ESI mass spectra of the adducts are reported, and yield [M -halide] + ions.
Introduction
The metalloligands [Pt 2 (µ-E) 2 (PPh 3 ) 4 ] (E = S and Se) display a diverse coordination chemistry towards a wide range of metal centres. [1, 2] We are currently investigating the coordination chemistry of such complexes towards main group metal centres, [3, 4] encouraged by the prospect that the bulky metalloligands promote low coordination numbers, as previously observed in a number of systems, such as the thallium(I) adduct [Pt 2 (µ-S) 2 (PPh 3 ) 4 Tl] + [5] and also in the transition metal derivatives [Pt 2 (µ-S) 2 (PPh 3 ) 4 adducts [Pt 2 (µ-S) 2 (PPh 3 ) 4 PbR 3 ] + (R = Me, Ph) and [Pt 2 (µ-S) 2 (PPh 3 ) 4 PbPh 2 X] + (X = I, Br, SCN) have been reported [8] and the coordination chemistry towards lead(II) nitrate has also been studied, giving the complexes [Pt 2 (µ-S) 2 (PPh 3 ) 4 PbNO 3 ] + X -(X = NO 3 1 or PF 6 2) [9] and [Pt 2 (µ-Se) 2 (PPh 3 ) 4 PbNO 3 ] + . [10] The related 1,1'-bis(diphenylphosphino)ferrocene (dppf) analogue [Pt 2 (µ-S) 2 (dppf) 2 PbNO 3 ]NO 3 3 is also known. [11] A previous theoretical study [12 ] 4 PbX 2 ] (4, X = Br; 5, X = I) were isolated as microcrystalline solids in moderate yields. To determine the coordination geometries of these adducts, Xray structure determinations were carried out on crystals grown from dichloromethane-diethyl ether. The molecular structure of the PbI 2 adduct 4 is shown in Figure 1 together with the atom numbering scheme, while selected bond lengths and angles are given in Table 1 . The molecular structure of the PbBr 2 adduct 5 is shown in Figure 2 , with selected bond lengths and angles in Table 2 .
The structure of 4 consists of the typical butterfly {Pt 2 S 2 } core acting as a bidentate metalloligand to the PbI 2 moiety, which has approximately tetrahedral coordination, as also shown in Figure 3a . The lead centre is symmetrically bonded to both sulfur atoms, with Pb-S(1) and Pb-S(2) bond lengths of 2.7809 (9) The PbBr 2 adduct 5 has a somewhat different structure to the iodide. One of the bromines, Br(1), is in an analogous position to the iodides of complex 4, as can be seen in The coordination chemistry of lead(II) is notoriously variable, resulting in structural diversity, depending on whether or not the 6s 2 lone pair is stereochemically active. In many cases, a non-regular distribution of ligands (the hemidirected geometry) results in the presence of an empty face in the coordination polyhedron which is often used to infer the presence of the lone pair. [19] The hemidirected geometry was exclusively observed in the Cambridge Structural Database survey reported by Glusker et al for lead(II) complexes with low coordination numbers (2) (3) (4) (5) . [7] In other cases, especially involving the heavier halogens, bulky ligands, and higher coordination numbers, the holodirected geometry is observed, with regular coordination geometries, and a stereochemically inactive lone pair. The hardness of the ligands has a significant effect, with harder ligands being more likely to promote distortion of the coordination geometry through lone pair activity, especially in low coordination number complexes. [20] In holodirected geometries, the bonds are more covalent, and the lone pair has little p-character. These effects also appear to be extended to solid-state materials; a theoretical study has compared PbO (which adopts the distorted litharge structure, with a stereochemically active lone pair) with PbS (which adopts the symmetric rock salt structure, with six-coordinate, regular octahedral Pb(II) centres), [21 It is therefore not unreasonable to suggest that the primary point of difference between the PbI 2 adduct (with a fairly regular tetrahedral coordination geometry) and the ] confirming the importance of the nature of the anion on the lone pair activity and hence on the structural chemistry.
PbBr 2 adduct (with a distorted geometry) is due to the differences in hardness of iodide compared to bromide, assisted by the steric bulk of the iodide and {Pt 2 S 2 } ligands. This is consistent with the conclusions of Glusker et al, [7] who predicted on the basis of theoretical investigations that Pb(II) complexes with soft halide ligands should be holodirected.
We are unaware of any appropriate X-ray structures of four-coordinate lead(II) 4 ] will continue to show utility in generating species with interesting coordination chemistry.
Mass spectrometric characterisation
The positive-ion ESI mass spectra of the adducts 4 and 5 in CH removed by filtration to give a bright yellow solution. Petroleum spirits (60 mL) was added, giving a bright yellow microcrystalline solid which was filtered, washed with petroleum spirits (5 mL) and dried in vacuo to give 4 (250 mg). Found: C, 44.5; H, 3.5. 
X-ray crystal structure determinations
Crystals of the complexes suitable for an X-ray diffraction study were obtained by diffusion of diethyl ether into dichloromethane solutions at room temperature, giving lemon yellow (PbBr 2 ) and deep yellow (PbI 2 ) crystals, both as dichloromethane solvates.
The PbI 2 adduct lost solvent upon drying in vacuo. Data were corrected for absorption using SADABS [33] ; refinement was full-matrix least-squares based on F 2 . Crystal, collection and refinement details are given in Table 3 .
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